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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress aging in 
the resistance of a thick film resistor. 
SOLUTION: The thick film resistor paste contains 
powder of two kinds of glass A, B wherein the glass A 
of higher mixing ratio contains 20-26wt.% of CaO, 37- 
59wt.% of Si02, 5-13wt.% of AI203 and 8-28wt.% of 
B203 totaling 95wt.% or more whereas the glass B of 
lower mixing ratio contains 53-72wt.% of Si02, 20- 
30wt.% of B203, and 1-7wt.% of Na20 totaling 
85wt.% or more. Mixing ratio of the glass A to the 
total mixing amount of the glasses A, B is set at 73- 
99wt.% while that of the glass B is set at 27-1 wt.%. 
The two kinds of glass A, B contain no Pb, Cd nor Ni 
which may have adverse effect on the environment. 
The glass A of higher mixing ratio has a coefficient of thermal expansion higher by 0.5*10- 
6/deg or more than that of the glass B of lower mixing ratio and a flexure point higher by 
30°C or more than that of the glass B. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by 'the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As compared with the glass of the direction with few [ are the thick film resistor paste 
which mixes the powder of two kinds of glass, and the powder of conductive material with an 
organic vehicle, and changes, and ] loadings, a coefficient of thermal expansion is large, and the 
glass of the direction with many loadings is a thick film resistor paste with which it is characterized 
by a surrendering point being high. 

[Claim 2] The glass of the direction with many loadings is a thick film resistor paste according to 
claim 1 with which a coefficient of thermal expansion is large more than 0.5x1 0-6/deg, and a 
surrendering point is characterized by the thing high 30 degrees C or more as compared with the 
glass of the direction with few loadings. 

[Claim 3] Said two kinds of glass is a thick film resistor paste according to claim 1 or 2 characterized 
by using the glass which does not contain Pb, Cd, and nickel. 

[Claim 4] The glass of the direction with many loadings is CaO:20-26 % of the weight and Si02. : 
37 - 59 % of the weight, aluminum 203 : 5 - 13 % of the weight, and B-2 03 : 8 - 28 % of the 
weight is contained 95% of the weight or more in total. The glass of the direction with few loadings 
Si02 : 53 - 72 % of the weight, B-2 03 : Thick film resistor paste according to claim 1 to 3 
characterized by containing 20 - 30 % of the weight, and Na2 0:1-7 % of the weight 85% of the 
weight or more in total. 

[Claim 5] The thick film resistor paste according to claim 1 to 4 characterized by having made the 
compounding ratio of the glass of the direction with many loadings to the sum total loadings of two 
kinds of said glass into 73 - 99 % of the weight, and loadings making the compounding ratio of the 
glass of little direction 27 - 1 % of the weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thick film resistor paste containing the powder 

of glass, and the powder of conductive material. 

[0002] 

[Description of the Prior Art] When forming a resistor by the thick- film method on the surface of a 
ceramic substrate, a thick film resistor pattern is printed using the thick film resistor paste of Ru02 
system, and he calcinates this at 600-900 degrees C, and is trying to form a thick film resistor 
conventionally. Since resistance varies, the thick film resistor after baking trims a thick film resistor 
by the laser trimming method, and he is trying to adjust resistance after baking generally. 
[0003] 

[Problem(s) to be Solved by the Invention] In case laser trimming of the thick film resistor is carried 
out after baking, a micro crack may go into a thick film resistor by the thermal strain, this micro 
crack advances gradually under a real operating environment, and resistance carries out aging and 
has become the cause of reducing circuit reliability. It is easy to generate progress of this micro crack 
in the condition that tensile stress is acting on a thick film resistor. Therefore, in order to prevent 
progress of a micro crack, it is desirable to make it compressive force join a thick film resistor, and, 
for that purpose, it should just make the coefficient of thermal expansion of a thick film resistor 
smaller than the coefficient of thermal expansion of a ceramic substrate. 

[0004] However, Ru02 conventionally used for forming a thick film resistor in a ceramic substrate 
The thick film resistor paste of a system is the powder of glass, and Ru02. It mixes with an organic 
vehicle, powder is pasted, and it is Ru02. A coefficient of thermal expansion is 6.0x1 0-6/deg. It 
compares with an alumina substrate. On the other hand, the low-temperature baking ceramic 
substrate with a small coefficient of thermal expansion Since a coefficient of thermal expansion is 
5.5x1 0-6/deg extent, as for the coefficient of thermal expansion of the glass of a thick film resistor 
paste, it is desirable to make it smaller than 5.5x1 0-6/deg, but if electrical characteristics, a 
mechanical strength, harmful nature, etc. are taken into consideration The selection range of glass 
was also restricted, actually, it was comparable as the coefficient of thermal expansion of a ceramic 
substrate, or the glass of a bigger coefficient of thermal expansion than it had to be used. Therefore, 
these glass and Ru02 The coefficient of thermal expansion of the included thick film resistor of a 
small thing is also comparable as the coefficient of thermal expansion of a ceramic substrate, by the 
differential thermal expansion of a thick film resistor and a ceramic substrate, sufficient compressive 
force for a thick film resistor may not work, but tensile force may commit it. For this reason, at the 
time of laser trimming, the micro crack produced in the thick film resistor tended to advance under 
the real operating environment, and there was a problem that aging of resistance was large. 
[0005] This invention is made in consideration of such a situation, therefore the object is in offering 
the thick film resistor paste which can lessen aging of the resistance of a thick film resistor. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, as for the thick film 
resistor paste of claim 1 of this invention, the powder of two kinds of glass is blended, and, as for the 
glass of the direction with many loadings, the surrendering point has become [ the coefficient of 
thermal expansion ] large highly as compared with the glass of the direction with few loadings. If the 
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thick film resistor paste of this presentation is printed and calcinated to a ceramic substrate, a thick 
film resistor will sinter through the following phases in that baking process. Hereafter, the glass in 
the direction of [ with many loadings ] explanation is set to A for convenience, and loadings set the 
glass of little direction to B. 

[0007] Dissolved glass B wraps in the powder of conductive material so that glass B with a lower 
surrendering point may dissolve first and it may illustrate typically to drawing 1 (a) by lifting of the 
glass temperature at the time of the [lst-step] baking. At this event, the glass A with a higher 
surrendering point does not dissolve yet. Glass will start to contract, if a surrendering point is the 
temperature equivalent to the softening temperature of glass in case the thermal expansion by the 
temperature rise of glass stops, glass expands thermally almost linearly in connection with a 
temperature rise below at a surrendering point and a surrendering point is exceeded here. 
[0008] Glass A with the higher point surrendering [ [2nd-step] ] begins to dissolve gradually. The 
glass B which dissolved previously flows at this time, and it comes to wrap in Glass A. 
[0009] The [3rd step] If baking progresses, while Glass A will dissolve and sticking with Glass B 
further, conductive material condenses to the interface of Glass A and Glass B, and a track is formed 
so that it may illustrate typically to drawing 1 (b). The organic vehicle under thick film resistor paste 
pyrolyzes, and it evaporates from the 1st step before the 3rd step, or burns, and an organic vehicle is 
removed from the film of a thick film resistor. 

[0010] In the culmination of the [4th-step] baking, of temperature lowering, Glass A and B hardens 
and the film of a thick film resistor is formed on a ceramic substrate. 

[001 1] Thus, the calcinated thick film resistor serves as structure in which glass B with a small 
coefficient of thermal expansion wrapped glass A with a larger coefficient of thermal expansion than 
this. The whole coefficient of thermal expansion not only becomes small with glass B with a small 
coefficient of thermal expansion, but the thick film resistor of this structure will be in the condition 
that compressive force joined glass B with a small coefficient of thermal expansion with glass A 
with a large coefficient of thermal expansion. In this condition, even if the micro crack went into the 
thick film resistor with the laser trimming after baking, the part of the glass B with which 
compressive force was added will serve to suppress progress of a micro crack. 
[0012] By the way, the effectiveness of suppressing progress of the micro crack of a thick film 
resistor becomes large, so that the compressive force which joins glass B with a small coefficient of 
thermal expansion becomes large. This compressive force becomes so large that the difference of the 
coefficient of thermal expansion of Glass A and B is large. Moreover, in order for glass B with a 
small coefficient of thermal expansion to become the structure which wrapped in Glass A, before 
Glass A begins to dissolve, the dissolution of Glass B needs to fully be progressing. Therefore, if the 
difference of the surrendering point of Glass A and B, as a result the difference of the temperature 
which Glass A and B begins to dissolve are small, Glass B will not become the structure which fully 
wrapped in Glass A. With this structure, even if the difference of the coefficient of thermal 
expansion of Glass A and B is large, sufficient compressive force will not be committed. 
[0013] Therefore, as for the glass A of the direction with many loadings, as compared with the glass 
B of the direction with few loadings, it is desirable like claim 2 that it is large, and a surrendering 
point is high 30 degrees C or more, and a coefficient of thermal expansion carries out more than 
0.5x1 0-6/deg. If it does in this way, before Glass A begins to dissolve, the dissolution of Glass B will 
fully progress, and Glass B will serve as structure which wrapped in Glass A certainly. And since the 
difference of the coefficient of thermal expansion of Glass A and B is more than 0.5x1 0-6/deg, the 
compressive force which joins Glass B from Glass A becomes large enough, sufficient compressive 
force to suppress progress of a micro crack is acquired, and aging of the resistance of a thick film 
resistor is stopped effectively. 

[0014] Moreover, as for two kinds of glass A and B, it is desirable like claim 3 to use the glass which 
does not contain Pb, Cd, and nickel. Although the conventional thick film resistor paste contained 
Pb, Cd, and nickel, these are the metals which may affect an environment. Therefore, it is useful also 
to earth environmental protection by using the glass A and B which does not contain Pb, Cd, and 
nickel. 

[0015] The glass A of the direction with many loadings like claim 4 Moreover, CaO:20-26 % of the 
weight, SiQ2 : 37 - 59 % of the weight, aluminum 203 : 5 - 13 % of the weight and B-2 03:8-28 % 
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of the weight are contained 95% of the weight or more in total. The glass B of the direction with few 
loadings is Si02. : 53 - 72 % of the weight, B-2 03 : It is good to consider as the presentation which 
contains 20 - 30 % of the weight, and Na2 Orl-7 % of the weight 85% of the weight or more in total. 
The glass A and B of such a presentation can secure the difference of a coefficient of thermal 
expansion, and the difference of a surrendering point. 

[0016] By the way, in order that the glass B with which compressive force is added may serve to 
suppress progress of a micro crack, the loadings of Glass B are required to some extent, but the 
tensile force committed on Glass A from Glass B will become large, and the micro crack suppression 
effectiveness by the compressive force committed on Glass B will be reduced by the tensile force 
committed on Glass A as Glass B increases. 

[0017] Therefore, it is desirable that make the compounding ratio of the glass A of the direction with 
many loadings to the sum total loadings of two kinds of glass A and B into 73 - 99 % of the weight 
like claim 5, and loadings make the compounding ratio of the glass B of little direction 27 - 1 % of 
the weight. As shown in drawing 3 , when the compounding ratio of Glass B exceeded 27 % of the 
weight according to the result of this invention persons' heat cycle test mentioned later, 1 % whose 
rate of a resistance value change of a thick film resistor is desired value was exceeded, and it was 
checked that the micro crack suppression effectiveness with Glass B is not demonstrated effectively. 
Moreover, even if the compounding ratio of Glass B was 1 % of the weight, the rate of a resistance 
value change of a thick film resistor is less than 1%, and it was checked that the micro crack 
suppression effectiveness with Glass B is fully demonstrated. Therefore, if the compounding ratio of 
Glass B is 27 - 1 % of the weight, the micro crack suppression effectiveness with Glass B will fully 
be demonstrated. 
[0018] 

[Embodiment of the Invention] The thick film resistor paste used with 1 operation gestalt of this 
invention is the powder of two kinds of glass A and B, and Ru02 which is conductive material. It 
mixes with an organic vehicle, powder is pasted, and an organic vehicle consists of binder resin (for 
example, ethyl cellulose) and a solvent (for example, TEREPINE oar). The glass A of the direction 
with many loadings is CaO:20-26 % of the weight and Si02. : 37 - 59 % of the weight, aluminum 
203 : 5 - 13 % of the weight, and B-2 03 : 8 - 28 % of the weight is contained 95% of the weight or 
more in total. The glass B of the direction with few loadings Si02 : 53 - 72 % of the weight, B-2 
03 : 20 - 30 % of the weight and Na2 0:1-7 % of the weight are contained 85% of the weight or 
more in total. These two kinds of glass A and B does not contain Pb, Cd, and nickel which are the 
metal which may affect an environment, if the coefficient of thermal expansion of the glass A of the 
direction with many loadings is set to Aalpha, a surrendering point is set to AD, and loadings set the 
coefficient of thermal expansion of the glass B of little direction to Balpha and set a surrendering 
point to BD — A alpha-B alpha>=0.5xl0-6/deg and — It is AD-BD>=30 degree C. The compounding 
ratio of the glass A of the direction with many loadings to the sum total loadings of these two kinds 
of glass A and B is made into 73 - 99 % of the weight, and loadings make the compounding ratio of 
the glass B of little direction 27 - 1 % of the weight. Ru02 to a thick film resistor paste A 
compounding ratio is Ru02 that what is necessary is just to decide according to the resistance to 
need. Resistance becomes small, so that a compounding ratio increases. 
[0019] 

[Example] In order to consider the relation between the presentation of Glass A and B, a coefficient 
of thermal expansion, and a surrendering point and the rate of a resistance value change of the thick 
film resistor by the temperature cycle, the glass A of the direction with many loadings prepared five 
kinds of samples of Al shown in a table 1 - A5, and the glass B of the direction with few loadings 
prepared five kinds of samples of Bl shown in a table 2 - B5. 
[0020] 
[A table 1] 
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CaO 
(Si&%) 


Si0 2 
(Si£%) 


Ai 2 0 3 


V> 3 




(t) 


( X 10 /deg) 


Al 


26.0 


58.8 


5.7 


8.6 


0.9 


722 


6.3 


A2 


22.6 


54.8 


6.8 


14.2 


1.6 


706 


6.9 


A3 


20.0 


48.6 


9.3 


19.3 


2.8 


702 


5.4 


A4 


24.5 


41.2 


9.6 


22.5 


2.2 


693 


5.8 


A5 


21.2 


37.6 


12.2 


27.2 


1.8 


685 


6.1 



[0021] 
[A table 2] 





Si0 2 
(Sfi%) 


Al 2 0 3 

mm.%) 


B 2°3 

(Sfi%) 


CaO 
(Sfi%) 


Na 2 0 
(*fi%) 


ZnO 

mm.%) 


ILjO 

cas%) 




CC) 


( X lo"*/de«) 


Bl 


66.0 


1.2 


23.5 


1.6 


3.6 


1.6 


1.0 


1.5 


650 


4.09 


B2 


72.0 


0.8 


20.3 


1.0 


3.1 


1.2 


0.7 


0.9 


661 


3. 95 


B3 


61.6 


3.4 


24.9 


4.9 


1.9 


0 


2.6 


0.7 


645 


4. 25 


B4 


56.7 


7.1 


25.4 


0 


6.6 


2.1 


0 


2.1 


638 


4. 57 


B5 


53.1 


5.5 


29.8 


3.3 


4.9 


1.3 


1.5 


0.6 


636 


4.94 



[0022] The sample Al of Glass A - A5 are CaO:20-26 % of the weight and Si02. : 37 - 59 % of the 
weight, aluminum 203 : 5 - 13 % of the weight, and B-2 03 : Containing 8 - 28 % of the weight 
95% of the weight or more in total, a surrendering point is 685-722 degrees C, and a coefficient of 
thermal expansion is 5.4 - 6.9x1 0-6/deg. 

[0023] The sample Bl of Glass B - B5 are Si02. : 53 - 72 % of the weight, B-2 03 : Containing 20 - 
30 % of the weight, and Na2 0: 1-7 % of the weight 85% of the weight or more in total, a 
surrendering point is 636-661 degrees C, and a coefficient of thermal expansion is 3.95 - 4.94x10- 
6/deg. 

[0024] It is Ru02 of 0.2 micrometers of mean diameters using the sample of these glass A and B 
about the powder of the glass A and B of the compounding ratio shown in a table 3 (example) and a 
table 4 (example of a comparison). It mixed with powder to the organic vehicle, it fully kneaded with 
3 rolls, and the thick film resistor paste was produced. In addition, Ru02 The powdered 
compounding ratio was made into three kinds, 15 % of the weight, 20 % of the weight, and 25 % of 
the weight, in order to change resistance. 
[0025] 
[A table 3] 
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No. 


A 


B 


A : B 


RuO, 
(Sfi%) 


(KC1/D) 


(%) 


CC) 




1 


Al 


Bl 


99: 1 


15 


125 


0.72 






2 


Al 


Bl 


95: 5 


15 


110 


0.45 






3 


Al 


Bl 


90:10 


15 


102 


0.21 






4 


Al 


Bl 


85:15 


15 


97 


0.23 


72 


2. 21 


5 ! 


Al 


Bl 


80:20 


15 


94 


0.55 


6 


Al 


B 1 


75:25 


15 


88 


0.84 






7 


Al 


Bl 


90:10 


20 


12.1 


0.17 






8 


Al 


Bl 


90:10 


25 


4.6 


0.15 






9 


Al 


B2 


90:10 


15 


105 


0.23 


61 


2.35 ; 


1 0 


Al 


B3 


90:10 


15 


101 


0. 23 


77 


2.05 1 


1 1 


Al 


B4 


90:10 


15 


93 


0. 25 


84 


1.73 


1 2 


Al 


B5 


90:10 


15 


92 


0.24 


86 


1.36 


1 3 


A2 


B3 


90:10 


15 


92 


0.26 


61 


2.65 


1 4 


A3 


B4 


90:10 


15 


95 


0.45 


64 


0. 83 


1 5 


A4 


B 1 


90:10 


15 


99 


0.29 


1 43 


1.71 


1 6 


A5 


B3 


90:10 


15 


95 


0.27 


40 


1.85 ; 



[0026] 
[A table 4] 



No. 


A 


B 


A : B 


RuO, 
<SS%) 


(KD/0) 


(%) 


CC) 


(X10 /deg) 


1 


Al 




100:0 


15 


133 


1.34 






2 


Al 


Bl 


70:30 


15 


84 


1.26 


72 


2.21 


3 


A2 




100:0 


15 


115 


1.35 






4 


A3 




100:0 


15 


107 


1.67 






5 


A4 




100:0 


15 


106 


1.52 






6 


A5 




100:0 


15 


101 


1.85 






7 


A3 


B5 


90:10 


15 


96 


1.16 


66 


0. 46 


8 


A5 


B2 


90:10 


15 


98 


1.29 


24 


2.15 



[0027] As a ceramic substrate which prints each thick film resistor paste, the coefficient of thermal 
expansion used the low-temperature baking ceramic substrate of 5.5x1 0-6/deg. This low-temperature 
baking ceramic substrate is CaO-aluminum2 03-Si02-B-2 03. System glass powder: 60 % of the 
weight and aluminum 203 Powder: It is formed with the ceramic ingredient which consists of 
mixture with 40 % of the weight, it is shown in drawing 2 — as — Ag/Pd for resistor electrodes to the 
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front face of this low-temperature baking ceramic substrate — the conductor was printed and 
calcinated at intervals of 2mm, and from on that, the above-mentioned thick film resistor paste was 
screen-stenciled so that the thickness at the time of desiccation might be set to 20 micrometers, and 
this was dried at 120 degrees C. The size of this thick film resistor pattern is 1mm in die-length [ of 
2mm ] x width of face. Furthermore, on this thick film resistor pattern, the overcoat glass paste was 
screen-stenciled so that the thickness at the time of desiccation might be set to 13 micrometers, and 
this was dried at 120 degrees C. 

[0028] Then, this low-temperature baking ceramic substrate was held in the belt furnace, on 
condition that the peak temperature of 900 degrees C, and a 6-minute hold, it calcinated for 60 
minutes and simultaneous baking of a thick film resistor and the overcoat glass was carried out. At 
this time, a thick film resistor is sintered through the following phases. 

[0029] With progress of the [1st step] firing time, glass temperature rises and glass B with a lower 
surrendering point begins to dissolve first. And the glass B which dissolved as typically shown in 
drawing 1 (a) is Ru02. Powder is wrapped in. At this event, the glass A with a higher surrendering 
point does not dissolve yet. 

[0030] The [2nd step] glass temperature rises further and glass A with a higher surrendering point 
begins to dissolve gradually. The glass B which dissolved previously flows at this time, and it comes 
to wrap in Glass A. 

[0031] The [3rd step] If baking progresses, while Glass A will dissolve and sticking with Glass B 
further, as it is typically shown in drawing 1 (b), it is Ru02 to the interface of Glass A and Glass B. 
It condenses and a track is formed. The organic vehicle under thick film resistor paste pyrolyzes, and 
it evaporates from the 1st step before the 3rd step, or burns, and an organic vehicle is removed from 
the film of a thick film resistor. 

[0032] In the culmination of the [4th- step] baking, of temperature lowering, Glass A and B hardens 
and the film of a thick film resistor is formed on a low-temperature baking ceramic substrate. 
[0033] Thus, the calcinated thick film resistor serves as structure in which glass B with a small 
coefficient of thermal expansion wrapped glass A with a larger coefficient of thermal expansion than 
this. The whole coefficient of thermal expansion not only becomes small with glass B with a small 
coefficient of thermal expansion, but the glass B with a small coefficient of thermal expansion will 
be in the condition that compressive force was added with glass A with a large coefficient of thermal 
expansion at the thick film resistor of this structure. 

[0034] After carrying out laser trimming of the surface resistor after baking and adjusting the 
resistance to one twice the value of initial value, the heat cycle test (-40-degree-C 30 minutes / : with 
a minutes [ 30 minutes ] of +150 degrees C 1000 cycles) was performed, and the rate of a resistance 
value change of the thick film resistor after 1000 cycles was measured by making the resistance of 
the surface resistor at the time of after [ trimming ] 10-minute progress into initial value. This 
measurement result is shown in the table 3 (example) and table 4 (example of a comparison) which 
were shown above. Drawing 3 - drawin g 5 are what expressed this test result with the graph, drawing 
3 shows the relation between the compounding ratio of Glass B, and the rate of a resistance value 
change of a thick film resistor, drawing 4 shows the relation between the difference of the coefficient 
of thermal expansion of Glass A and B, and the rate of a resistance value change of a thick film 
resistor, and drawin g 5 shows the relation between the difference of the surrendering point of Glass 
A and B, and the rate of a resistance value change of a thick film resistor. 

[0035] Example No. of comparison 1 shown in a table 4, and 3-6 are the thick film resistor pastes 
which used the glass to contain as Glass A, and they are the same presentation as the conventional 
thick film resistor paste. The rate of a change in resistance by the temperature cycle also becomes 
1.34 - 1.85%, and desired value (1% or less) cannot be attained in these example No. of comparison 
1, and 3-6. This means that the micro crack produced in the thick film resistor at the time of laser 
trimming advanced by the heat cycle test. 

[0036] On the other hand, the thick film resistor which calcinated the thick film resistor paste of 
example No. 1-16 shown in a table 3 serves as structure in which glass B with a small coefficient of 
thermal expansion wrapped glass A with a larger coefficient of thermal expansion than this, as 
shown in drawing 1 R> 1 (b). The coefficient of thermal expansion of the whole thick film resistor 
not only becomes small with glass B with a small coefficient of thermal expansion, but with this 
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structure, it will be in the condition that compressive force joined glass B with a small coefficient of 
thermal expansion with glass A with a large coefficient of thermal expansion. In this condition, even 
if the micro crack went into the thick film resistor with the laser trimming after baking, the part of 
the glass B with which compressive force was added will serve to suppress progress of a micro 
crack. Thereby, in example No. 1-1 6, the rate of a change in resistance by the temperature cycle 
became 0.15 - 0.84%, and desired value (1% or less) has been attained with allowances. 
[0037] By the way, in order that the glass B with which compressive force is added may serve to 
suppress progress of a micro crack, the loadings of Glass B are required to some extent, but the 
tensile force committed on Glass A from Glass B will become large, and the micro crack suppression 
effectiveness by the compressive force committed on Glass B will be reduced by the tensile force 
committed on Glass A as Glass B increases. 

[0038] According to this invention persons' test result, as shown in drawing 3 , the micro crack 
suppression effectiveness serves as [ the compounding ratio of Glass B ] max at 10 - 15%, and the 
rate of a change in resistance serves as the minimum (0.21 - 0.23%). When the rate of a change in 
resistance increased gradually and the compounding ratio of Glass B exceeded 27 % of the weight as 
the compounding ratio of Glass B increased, when the compounding ratio of Glass B increased more 
than 15%, 1% whose rate of a resistance value change of a thick film resistor is desired value was 
exceeded, and it became clear that the micro crack suppression effectiveness with Glass B was not 
demonstrated effectively. 

[0039] Moreover, when the compounding ratio of Glass B became less than 10%, the rate of a 
change in resistance increased gradually as the compounding ratio of Glass B decreased, but when 
Glass B was contained 1% of the weight, the rate of a resistance value change of a thick film resistor 
is less than 1%, and it became clear that the micro crack suppression effectiveness with Glass B was 
fully demonstrated. From this test result, that what is necessary is just 27 - 1 % of the weight, if the 
compounding ratio of Glass B is this compounding ratio, it can fully demonstrate the micro crack 
suppression effectiveness with Glass B, and can attain the desired value (1% or less) of the rate of a 
change in resistance. 

[0040] Moreover, the micro crack suppression effectiveness becomes large, so that the compressive 
force which joins glass B with a small coefficient of thermal expansion becomes large. If this 
compressive force has the small difference of the coefficient of thermal expansion of Glass A and B, 
it will become small and its micro crack suppression effectiveness will decrease. 
[0041] According to this invention persons' test result, the rate of a resistance value change will 
become that the difference of the coefficient of thermal expansion of Glass A and B is 0.46x1 0-6/deg 
with 1.16% like example No.of comparison 7 of a table 4, and desired value will be exceeded. As 
shown in drawing 4 , when the differences of the coefficient of thermal expansion of Glass A and B 
were more than 0.5x1 0-6/deg, the rate of a change in resistance could be made below into desired 
value (1%), and it became clear that the micro crack suppression effectiveness with Glass B could 
fully be demonstrated. 

[0042] Moreover, in order to demonstrate the micro crack suppression effectiveness with Glass B, as 
shown in drawing 1 (b), before glass B with a small coefficient of thermal expansion needs to 
become the structure which wrapped in Glass A and Glass A begins to dissolve for that purpose, the 
dissolution of Glass B needs to fully be progressing. Therefore, if the difference of the surrendering 
point of Glass A and B, as a result the difference of the temperature which Glass A and B begins to 
dissolve are small, Glass B will not become the structure which fully wrapped in Glass A. With this 
structure, even if the difference of the coefficient of thermal expansion of Glass A and B is large, 
sufficient compressive force will not be committed. 

[0043] According to this invention persons' test result, the rate of a resistance value change will 
become that the difference of the surrendering point of Glass A and B is 24 degrees C with 1 .26% 
like example No.of comparison 8 of a table 4, and desired value will be exceeded. As shown in 
drawing 5 , when the difference of the surrendering point of Glass A and B was 30 degrees C or 
more, the rate of a change in resistance could be made below into desired value, and it became clear 
that the micro crack suppression effectiveness with Glass B could fully be demonstrated. 
[0044] Although it considered as the ceramic substrate which prints and calcinates a thick film 
resistor paste and the low-temperature baking ceramic substrate was used in the example explained 
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above, other ceramic substrates, such as an alumina substrate and an alumimium nitride substrate, 
may be used. 

[0045] moreover — as the conductive material blended with a thick film resistor paste — Ru02 
although used — M2 Ru 207-x (M=Bi, aluminum, etc.) and Mo03 etc. — other conductive material 
may be used. 

[0046] Moreover, at the above-mentioned operation gestalt, it is Ru02. It is Ru02 although the 
powdered compounding ratio was made into 15 % of the weight, 20 % of the weight, and 25 % of 
the weight. What is necessary is not to limit a compounding ratio to these but just to decide it 
according to the resistance to need. 
[0047] 

[Effect of the Invention] So that clearly from the above explanation the thick film resistor paste of 
claim 1 of this invention The powder of two kinds of glass A and B is blended. The glass A of the 
direction with many loadings Since the surrendering point has become [ the coefficient of thermal 
expansion ] large highly as compared with the glass B of the direction with few loadings, 
compressive force can work on the glass B of the direction with few loadings, progress of the micro 
crack of a thick film resistor can be suppressed, and aging of the resistance of a thick film resistor 
can be lessened. 

[0048] Furthermore, since according to claim 2 the difference of the coefficient of thermal expansion 
of two kinds of glass A and B was carried out to more than 0.5xl0-6/deg and the difference of a 
surrendering point was made into 30 degrees C or more, the micro crack suppression effectiveness 
by the compressive force committed on Glass B can fully be heightened, aging of the resistance of a 
thick film resistor can be certainly held down to below desired value, and the dependability of a thick 
film resistor can be improved. 

[0049] Moreover, in claim 3, two kinds of glass A and B can prevent environmental pollution while 
waste treatment becomes easy, since Pb, Cd, and nickel which may affect an environment are not 
included. 

[0050] In claim 4, moreover, the glass A of the direction with many loadings CaO: 20-26 % of the 
weight, Si02 : 37 - 59 % of the weight, aluminum 203 : 5 - 13 % of the weight, and B-2 03 : 8 - 28 
% of the weight is contained 95% of the weight or more in total. The glass B of the direction with 
few loadings is Si02. : 53 - 72 % of the weight, B-2 03 : Since 20 - 30 % of the weight and Na2 
0:1-7 % of the weight are contained 85% of the weight or more in total The difference of more than 
two kinds of difference:0.5xl0-6/deg(s) of the coefficient of thermal expansion of Glass A and B, 
and a surrendering point: 30 degrees C or more are securable. 

[0051] Moreover, in claim 5, since the compounding ratio of the glass B which compressive force 
commits was made into 27 - 1 % of the weight, the micro crack suppression effectiveness with Glass 
B can fully be demonstrated. 

[Translation done.] 
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0.6 


636 


4.94 
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[0 0 2 3] ^XBOT^^l/B 1 -B 5 I*. S i O 
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1/Na2 O: 1 -7lt%^I+T 8 5ll%lU±t^ 
Ls JB«J&I*6 3 6-6 6 1 °C. 8&R5S<S»I*3. 9 5 



~ 4 . 9 4X10 -6/ d e g -5 o 
[0 0 2 4] :tLbi3*7XA, B<Dif>^;U^ffiL^T. 

S3 (HJSW (hbix^J) [-^-riB^hb^^^ 

XA, B<Dfytt^mtL&0. 2/im0RuO2 0^ 
<!r =&« t: t ^ /HC;g^ U 3 * P— ;KCT+^!C;g$* L 
r»l«»tai*^— X h*fls»Lfc 0 ft. Ru02 
(DE^Jtl*. tettitt^^^^fc^. 1 5«S%. 201 
S%. 2 5fii%0>3«ja£: Ltz a 
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[S3] 



(5) 



teHrW 10-224004 



mm 



No. 


A 


B 


A : B 


RuO, 


(KO/D) 


A> 

(%) 


(t) 


(X 10 /deg) 


1 


Al 


Bl 


99: 1 


15 


125 


0.72 


72 


2.21 


2 


Al 


B 1 


95: 5 


15 


110 


0.45 


3 


Al 


Bl 


90:10 


15 


102 


0.21 


4 ! 


Al 


Bl 


85:15 


15 


97 


0.23 


5 


Al 


B 1 


80:20 


15 


94 


0. 55 


6 


Al 


B 1 


75:25 


15 


88 


0. 84 


7 


Al 


B 1 


90:10 


20 


12.1 


0.17 


8 


Al 


B 1 


90:10 


25 


4.6 


0. 15 


9 


Al 


B2 


90:10 


15 


105 


0. 23 


61 


2. 35 


1 0 


Al 


B3 


90:10 


15 


101 


0. 23 


77 


2. 05 


1 1 


Al 


B4 


90:10 


15 


93 


0. 25 


84 


1.73 


1 2 


Al 


B5 


90:10 


15 


92 


0.24 


86 


1.36 


1 3 


A2 


B3 


90:10 


15 


92 


0.26 


61 


2. 65 


1 4 


A3 


B4 


90:10 


15 


95 


0.45 


64 


0. 83 


1 5 


A4 


B 1 


90:10 


15 


99 


0.29 


43 


1.71 


1 6 


A5 


B3 


90:10 


15 


95 


0.27 


40 


1.85 
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No. 


A 


B 


A: B 


RuO, 
<Sfi%) 


(KCJ/D) 


(%) 


(°C) 


(XIO /deg) 


1 


Al 




100:0 


15 


133 


1.34 






2 


Al 


B 1 


70:30 


15 


84 


1.26 


72 


2.21 


3 


A2 




100:0 


15 


115 


1.35 






4 


A3 




100:0 


15 


107 


1.67 






5 


A4 




100:0 


15 


106 


1.52 






6 


A5 




100:0 


15 


101 


1.85 






7 


A3 


B5 


90:10 


15 


96 


1.16 


66 


0. 46 


8 


A5 


B2 


90:10 


15 


98 


1.29 


24 


2. 15 
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IC. MLfc*'7XB6<Ru02 (Dta^^a^at?. C 
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[0 0 3 0] [»2gpg] tf7^iSSi<5i:±*L. B 

B#„ 5fe I - it fl? L 73 "7 X B ii L . 73 -?X A$S^)i 

[O0 3 1] [$3»Rtf] tikf£t)<mt;k* 73*-? X 

AtiliL, ^Bitf-rstJti:. 11 (b) |= 
mittfil-^lr^^l-. i*7^A it #7XB <t CD I?- 55 1 ~ R 

uo 2 tf-Hiiu *«tt*<»/«a-3h.*. »ia«fr5* 
3fsn*-c<Diiii=, ewftfJWt-^-x h-t><o-ff«et^ 

■U*<»»«Lr35(E*L. -«I4«S«L. JmSSJSJattCDItlfr 
fi * « t* t ? ;uft<|j& * *i « o 

[0 0 3 2] [X4SK] ;£J£1£T 
ICfcy. *7XA, BA^bLT. JllIJStafl-CDIfgAMg 
S^-jEiz "5 5 ^7 »S± l^ff* £ *l £> „ 

[O 0 3 3] C<D«fc5l=L-C*ft-a4i|lfcl»a«tri**:tt. 

«:©f»»?s«»*^* < y -e* < - 
CD/J^l-^XBhfc, s?*«?s^?a©-^-*L^-ti'"7XAi=«fc 

[0034] t&mm. mmmmzis— * h y s 

t, ^cDjgtttt-r^^<l0 2ft<D<iilci)l)!tLfcm. as 

+t--f-i7;HS^ (-4 0°C3 0»/+1 5 0°C3 0^: 1 
OOOt-f^W SfTlV h'J S>-7*&1 O^ilBfCD 

■S»«fti*o«fiitt*toJ«tti LT 10 0 o-7M?;u& 
©ffi»*tn;«:a)«tt:fiS<D-as<t**"i|-€ Lfco -Koai-tte 
HII4. Htr»Lf=-R3 (SKEW) srj:«4 (fcb««) 
^HXl^o H3-H5I4, -KDKH^m^f "77|-:a 

»taffl©-feft*ta>Bi«**L» "9 414. tf^XA, B 
® f&JK«ffi&0£ <t J»tt«ta{*<DSfittt<D-eft* <!: COM 
^"Ic^U Hl5li, tf^XA, BCDEttjiaCDMirllJiliS 

[O 0 3 5] S4|-jF-rtfcgj15l]N o. 1, 3-6I4. 
*-r-ib73"7X-Sr73-7XA©^i: LfeJ^MSfitl*^— X h 



■i*i6fl>Jt««>No. 1, 3~6-t?i4s as-y--f^;u= 

£ -?Sjgfctfit"S'(b"^A < 1 . 3 4-1. 8 5%tt<fy. S 
Aft (1%WT) t~tffc-C-*&l>. C*U4, L/— tfh'J 
5 i/^l=*a«Sifl:l= *t Cfc v-f □ >7 7 * *<sMS 

■9- -r ^ -uttmi - * y a l fc c t $*i*-r * . 

[O O 3 6] -".fllCfctU *g3l-*-rHSfS#JN o. 1 - 
1 (b) CiS-f £51::, f»*a«*©'h-lF^-tf"5^.B 

a*. z^cfey^'i^S-ro^-fe^Tj^xA^^jiA/fc* 

-l<D«jfs-ei4. S^SI^CD'h^l^^X 
fry J»»H'««kO^-3Ft^**"5XBlcl4» ftftKK 

fc&o c<D«*f|-ei4. fct*. j»f««a? u— h y s > 

?lcJ:yj5Jgffifcti*lzV'f £ n^-j-yf^Aofci LT 

ffi&g^A'finfcofctf^X B(7)gP^A^-<^ -? -V 

o. 1-1 6-r?i4, a*S-f--<^" ;u=<t-5«*ifiil*E'lb'PA< 

0. 15-0. 8 4%£fcy, gff (1%lilT) ifr^ 

[0 0 3 7] irC-S-C, Effi73<75*0^)>57] ■7XBjb<-7-f 

fl)fe^*l4fe-6SfiiJMg-C?fe-5A<s ^^XBA^Sn-r* 
ir^oT, 73 "7XBfr 5,73 "7X A|rfiA< -"l-S^A'TC-* < 

fcy, 73 -7XB(-ili<J±$f§73l-: < fc-5-7-<'i; p^7 ^^^ffl 
Jh JR 4< 5 X A I - fill < ? I §1 73 1 = £ o T 3K « $ tl T L * 

[0 0 3 8] -*"^IB#e><Dae5^ai-:J:*il4» [*f]3|-:*: 
■f<fc5|-. T^^XBCDiH^tb^l 0-1 5%T*-7-f^D 

^ 7 jqutS** A<«* t tt y . «tatt*<b* 3b<*« 

(0. 2 1-0. 2 3%) <t^C-l)„ 73^XBroliH-&JtA* 
1 5%* y ^< ^Ci>i:, #7 X BCD -£•&&*>*#<:£ -5 1- 

^ o r mnMm.itmtfm* izmua l , 73 x b <-oia-& tt 
^ -7 tWih3ci«A<-ff^|-:^» Stir t-*«fi*' c t A^iJfJfJ L 

[0 0 3 9] 73-7XBCOK^tb*<1 0%cfcy^-* 

< /j:.5)i:» 73 7XBCDiB£tbb*'>£:< -**(=fi£-DT»ta 

ttaftsp^tsj/ririaiii-rft^* tj^xba'i 
Jh.-civft.l4. llMifim^cotgfjtfficD-^'b*^ 1 %*jSr* 
&y. Ti^xBirjc^T'r^p^-?^^ m±$hmtf+ft 

73 "7XBCDfE-a-J:bl42 7- 1 ■S%-Cfc*tl4'H<\ -f? 

fiB-&hbr'fe^.i4. 73-7XBic t fe?)^'i'^ a-? ^-j<?im± 
[0 0 4 0] ^fc. in 5=7^5 n±$hm*. SfcE® 

5I«SfcCO/h$L>73 -7XBlCjat3^l±$g73A*7vf* < ^15 
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[004 1] *f§B^#b<D|S^SfC<j;^lf. «4(DJt 
$x#]No. 7(7>«fe5l=, «7XA, B05gft|]§3H&g![<DM 
#0. 4 6 x 1 0-6/d e gfjjlit, JStfCfitro^-lb* 
A<1. 1 6%£tcy . g«tt*8;i.-CL*5. S4lC^ 
tJ:^:, f7XA, B<DSftK31^aa»SA<0. 5x1 
0-6/degW±ffcWl ftttit1b$SSiI (1 
%) JilTI--r-5-«hA<T*^, Tj^XBdcfc-S^-i'^ 
^ v 5 fflihJft* # 5 - t iJ H L tz o 

[0042] £fc, -fi^7.B\z&&^4 5 av^vvm 

ita*»s«s»*i*4fc«6i=id\ hi (b> i-^-r * 5 

^ LSfeft-S^I^**^^ B<Djtfi?A<+«'(=^T?l/ ,k 4^1l ' 
A<fc^o Sot. Tj^XA, B^S^CDS, LM-^T 

L^„ Z<C*jft?l* % tzt*.. *"7XA, BCDgftBBSS^S 

[0 0 4 3] *%H$&0tttM£XI=.J:*U2« S4CDtb 
gflUNo. 8<D«fc-5K* tf^XA, B(DH«^.<DM*<2 

4°c-^fe4<t. stn;fiS<»^b#A< 1 . 2 6%t&y. a 

fMSxTLS?. H5lziS^-«J;d(-. ff^XA. B 
a>B(*.&<DSA<3 0°CUUiT'$)+LlS. *£i/Lffi^1b^£@ 

[0 0 4 4] JfiUbKHLfeXttfl-ei*. »I»«!af*'«— 

--7 AS*5H©teCD-b ^ 5 <? *ffi£ffll*T i, 

[0 0 4 5] »««tai*^-X H=E*-T«*« 

ttltLt. Ru02 Sfflt^c^ M2 Ru2 O. 
7- x (M = Bi. A I m) . M o 03 ^OTffiCOaim^S 

[0046] Jtfsnsfi^^-ci*. Ru02 rota* 

OTIB£-Jt£l 511%, 2 011%, 2 5li%tLfc 
*<, Ru02 WIE^fcbUfc, 

[0 O 4 7] 

[^B^roSS^] ia±<7)ISBJ3;!>N£B££j!)N *S£B.S 



A, Bfl5«5|Sj&<E£S*U 1E^»A^^73<75?3^XA 

i*, E^gA<'J>fc^730:tf7*B,ti±&L.T, fftK»ft 

f&7b<*£<fioJStt£#iS<£oTl^fc#>, E£*A< 
'> « I ^<D # 5 ^ B |r JEtt * *<« L * T . mm&inWO V 

[00 4 8] Ml^s »*Jg2irj;4xiS, zmmn-fi^x. 

A, B0>!&l!g3H&gfe<»M£, 0. 5 x 1 0-6/d e g Jii 
±<t:U E.O|3<fc&roM£3 0°CKUl«!: Lt-0)T% 737 
* B IcfiS < ESS* l= J; 4 v-f ? □ ^7 v v f WitS** * + 

<73«$Itt$|S]±r'#i)o 
[0 0 4 9] 1***3 "CI*. 2ftiS<7);tf7*A. 

Bli, a*(=§5»SaiS-rW«E14©**Pb. Cd, N 

[0O5 0] !f*3S4T7tt, E^*rt<^l^3<Z>7J 

7XAI1 CaO: 20-2 6fiS%, S i 02 : 37 
— 5 9li%, A I 2 O3 : 5 — 1 3SM%St) ; B2 O 
3 : 8-28 ^ttt 9 511%^!^* L, E 

^iA^&lV^rotf^XBliS i 02 : 53~72li 
%, B2 O3 : 2 0 — 3 OMS.%JSLlfN a 2 O : 1-7 

ms%£-£ri+T?8 5li%w±ttt5rot. 2fISi(D 

*7XA, BG>gM*»ffft<D£ : 0. 5xl0"6/de 

[005 1] *fc. »*JS5T*I*, Ett*A<«<*f?X 
B<DIB^j±£ 27-1 mm%t Ltz(DX'. j}3*Blz& 

[gUirofSmfciaK] 

[H 1 ] *HW«)-SI!g^al$^-rJU*ffitn{*a>^fiEja 
firo^ib^iftB^-r-SHT?, (a) [t&j&mw<r>V$&tt 
i-m&m. (b) ii^ttffl<D«(si$^-r«t^Es 

[S3] 7. B CDlS^rJt t mginfta&iallJHb* 

[14] A7XA, B<DiftK««ftO)%j:J¥9t%tnft:a} 
«fitffl[*<b*i:<0Hff*y57-T?*-rig 
[15] ii7XA, B(DS«^rogiJi:ifflffifet«:ro«ta 
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